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FOREWORD

. This report contains the proceedings of the DICE THROW Symposium held 21-23
June 1977 at the Ballistic "esearch Laboratory (BRL), Aberdeen Yroving Ground, Mary-
land. The report is divide  /nto four volumes. Volumes 1 through 3 contain the unclassi-
fied prescntations arrd \ olume 4 contains the classified presentations. .

The DICE THROW Event, which was conducted ncar the Giant Patrict site on
the White Sands Missile Range (WSMR), 6 October 1976, was the final test of tt2 DICE
THKOW Program. The charge for this test was composed of approximately 628 tons
(570 metric tons) of ammonium nitrate fucl oil (ANFO). The charge corfiguration was a
right-circular-cylinder base tangent to the surface with a hemispherical tnp, the same
configuration as the second event in the Pre-DICE THROW I Series. The r.rimary abjec-
tives of this test were to provide a simulated nuclear blast ard saock environment for
tange! response experiments that are vitally needed by the military service: and defense
agencies cuncemed with nuclear weapons efiects, and to confitim emipinical peedictions
and theoretical calculations for shock response of military structures, cquipment, and
weapon systems. |

A complemeznt of 33 experimentais and supporti 2gencies (including foreign
governments) participated in Event DICE THROW. For details p rtaining to the as-built
experinent configurations, site and charge descriptions, and fielding requirements in
support of this program, refer to the DICE THROW Test Execution Report, POR 6965.
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BLAST EFFECTS ON THE CREWS OF
U. S. ARMY TACTICAL EQUIPMENT

FOREWORD

This report presents information obtained by the
Lovelace Biomedical and Environmental Research Institute,
Inc. in support of U. 8. Army projects on Event Dice Throw.
Anthropomorphic dummies were placed within U. S. Army equip-
ment ltems in order to evaluate the blast effects on crew

personnel.

The Dice Throw Event was a 600-Ton (ANFO) charge de-
tonated on the surface, October 1976, at White Sands Mis-
sile Range, Giant Patriot Site.

Funding was provided to Lovelace by the U. S. Army
Ballistic Research Laboratories through an interagency
agreement with the U. S. Energy «esearch and Development
Administration, Albuvquergue Operations Office.

The underground comrand post included in the field
test was a coordinated effort. The structure was prefab-
ricated at the Lovelace Fcundation and funded by the Defense
Nuclear Agency, Contract No. DNA 001-75-C-0237.
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INTRODUCTION

The Lovelace Foundation provided support to four
Army projects on the Dice Throw Event. The support in-
cluded providing dummies that were instrumented with peak-
€ reading gages, placing the dummies inside on, or near the
various equipmentc items, and, from the results, predicting
what the blast effects might be on the crew personnel asso-
ciated with these equipment items. The projects were: (1)
U. S. Army Weapon Systems, (2) Command Contrcl and Communi-
cation Shelter Systems (Electronic Equipment Shelters).
{3) a foreign Vehicle, and (4) a Drcne Helicopter.

In evaluating the blast effects on the crew person-
nel, information obtained from other projects was utilized,
i.e., motion-picture films of the dummy motions, electronic
accelerometer measurements from inside the dummies, and
pressure-time measurements.

PRGCEDURES
Dummies

A total of 37 anthropomorphic dummies were used nn
the test. Each weighed 185 1b and was 5 ft 8 in. tall. Six
of the dummies, numbered 1 through 6, were manufactured by
Alderson and were of a 1960 vintage. All the other dummies
were fabricated at the Lovelzce Foundation and were roughly
equivalent to the Alderson dunmies in the degree of sophis-
tication.

All the dummies contained a skeletal-like structure
of steel around which expandable polyurethane foar plastic
was cast. There were joints at the neck, shoulder, elbuws,
wrists, hips, knees, and ankles. The Lovelace dummies did
not have ankle joints. The dummy joints were adjustaople;
e.g., the standing dummies would have the hip and the kiace
Jjoints tightened more than the dummies that were in a sezted
position.

Each dummy contained a chest cavity in which accel-
erometers, electronic and/or passive, could be installed.
All the dummies wore G.I. fatigue uniforms and G.I boots.
¥hite motorcycle helmets were worn by most of the dummies
to simulate those worn by crew members inside vehicles and
to provide corntrast in the camera viewing field. The few
exceptions will be mentioned later.

-9-
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Impact-O-Graphéa

Omni-g, all-directional g-indicators (Impact-0-
GraphO Corporation) were placed on a shelf inside the chest
cavity of each dummy. &ach gage contained twvo sets of
spring-loaded, steel balls that were held in a recess in
the side of a transparent housing formed from impact-resist-
ant plastic. The steel balls would unload if impact or
shocs forces from any angle ~xceeded their rated values.

T ATET s gV

These gages measured peak g only, and according to
the manufacturer, they have a freguency response that is
virtually flat from zero to 60 Hz. The omni-g Impact-O-

. _ graph® must receive a pulse of at least the instrument's
4 rated g for at least 8.4-msec duration to unload the steel
balls.

O JTEWN, AW 4T WA T T

In the laboratory, calibratiun curves were compiled
: relating the impact velocity of dummies free falling flat
3 onte a concrete slab to the g level at which the Impact-O-
Graphse'located in the chest cavity would unload, Figure
A-1, Appendix A. Each dummy contained four gages that
spanned the ranges of impact velocities required for no in-
jury up to a high probability of injury for whole-body im-
pact, Table A-1, Appendix A. Illigker impact velocities were
required to unload an Impact-O-Graph® of a given rating in-
side the Alderson dummies than inside the lLovelace dummies.
The Lovelace ones were constructed of a softer and thicker
foam plastic.

Figure A-2 and Table A-2 of Appendix A present
blast displacement rriteria (Reference 1). One criterion
was based on laboratory experiments wherein sheep were
dropped in different impact orientations onto a concrete
slab. “he other critexrion, for tumbling impacts, was ob-
tained by blast displacing sheep out of the end of a 6-ft-
diameter shocktube over flat ground.

Motion-Picture Cameras

All the dummies were viewed with 1l6mm-motion--picture
camerzs during the blast. Moticn-picture cameras viewed
the equipment items from both the inside and outside. The
motion-picture cameras were the responsibility of the Denver
Research Institute project.

-3-
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Film Analysis

The fims taker of the dummies during the blast wave
were projected onto a small screen and their displacements
recorded firame--by-frame. Usually, the head was used as a
reference point. Velocities toward ground zero were laheled
rositive and those awzy from ground 2zero labeled regative.
Charts giving displacement vs time were prepared for each
Tilin. The peak velocity and distance of travel were indi-
cated on each chart.

Electronic Accelerometers

Tri-axial accelerometers (Columbia Model 512) were
placed in nine of the dunmles iocated within the Army Weap-
on Systems. Accelerometer mcunts were cemented to the back
uwpper center of the thorax cavity. Signals from the gages
were hard wired back to a tunuker at the 1370-ft range. The
records provide acceleration vs time on three axes (x, y.
and z). Because of the way the gage was mounted to the back
of the thorax, the directions of the x, y, and 2 axes differad
from those normally used in human and dummy nomenclature.
Instead it was the following: x axis was up (-) and -down
(+); z axis was front (+) and back (-); and y was thce lateral
axis. Movement to the left would generatc a (+) signal and
movement to the right a (-) signal.

Dummies numbered %, 4, 5, 7 thrcugh 10, 44, and 45
cuntained electronic accelerometers inside their chest cavi-
ties.

Acceleration measurenents were the responsibility
of the Nuclear Weapons Effect Branch at White Sauads Missile
Range (WSMR).

Accelerometers were also placed at selected locations
on the weapon systems by the WSMR group.

Pressure-Time Measurements

Pressure transducers were placed on the surface ad-
jacent to most of the Army equipment items. The Nuclear
Weapons Effects Branch undertook the P-T measurements in
connection with the U. S. Army Weapon Systems, and the Bal-
listics Research Laboratories (BRL) undertook the measurements

ik hind
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ia ccnnection with the Electronic Equipment Snelters, Blast
Line 2; Foreign Vehicle, Blast Line 2; and Drone Helicopter,
Blast Line 1.

Because the free-field airblast measuremeits were
limited within the U. S. Army Weapon Systemrs layout, those
measurements taken in the open along Blast Line 3 by BRL
(Reference 2) were applied to and considered to be the blast
levels received at the various stations. Blast Line 3 was
located along the south edge of the weapon systems layout.

U. S. Army Weapon Systems

A layout drawing for the U. S. Army Weapon Systems
appears in Figure B-1, Appendix B, giving the station num-
bers, dummy numbers, camera iocations, along with the ranges
and corresponding measured overpressures. The precise bear-
ings of these items on the test bed are listed in Table B-1
in Appendix B.

Station 1 -~ M60 Main Battle Tank

There were three dummies seated inside the
M60 at the 580-ft range: one each in the driver's (no. 1),
gunner's (2), and commander's (11) position, Figures B-2
through B-4, Appendix B. In addition, a prone dummy (35)
was positioned head-on to the blast adjacent to the M60 at
Station 1. Dummy No. 2 was equipped with an electronic ac-
celerometer inside its chest cavity.

Station 2 - M551 Sheridan

There were two dummies seated inside the
M551 at the 820-ft range: one in the gunner's (3) and one
in the commander's (4) position. In addition, there were
two dummies positioned outside the M551: one dummy (36) was
standing facing ground zero 7.5 ft from the left side of the
vehicle and one dummy (37) was standing 4 ft to the rear of
the vehicle, Figure B-5, Appendix B. Dummy No. 4 contained
an electronic accelerometer inside its chest cavity.

Station 3 - M109 Self-Propelled Howitzer

There were two dummies inside the M109 at
the 740-ft range. One dummy was standing in a gunner's (7)
position and the other was standing in back of the gunner




T A T T

TR SR Taes

P AT

T B ATV LAY N WY oA AT TR M e mmm T IR

TS L

as a secction chief (5}, Tigure B-6, Appendix B. Each dummy
contalned an electronic accelerometer incide its chest cavi-
ty. In addition, a dummy (40)was positioned standing 7.5

ft to the rear ¢f the M109, Figure E-7, Appendix B.

Station 4 - Undergrourd Command Post

‘There were three dummies inside the Under-
ground Command Post at the 740-ft range. One dumny (14) was
S ft inside and in line with the entryway. The Gther two
dummies (13 and 12) were 5 and 10 ft, respectively, from
the upstream wall and to the left of Dumn' No. 14. Figure
B-8, Appendix B. The personnel chamber was 14 x 14 x 6.5
xt. The roof of the shelter was approximately 2 fi beneath
ground level with a 2-ft earth mourd. The entryway and
entryway tunnel were 2 x 4 ft ir cross section. The verti-
cal portion of the entryway was 8.5 ft deep followed by the
entryway tunnel that was approximately 10 ft long. The
shelter was tested open. A diagram of the Underground Com-
mand Post is shown in Figure B-9, Appendix B.

Station 5 - M551 Sheridan 90°

There were two dummies inside the MH51
Sheridan that was left-side-on at the 820-ft range One
dummy (5) was located ia the gunner's seat the the other
dummy (6) was in the loader's position. Dummy No. 5 con-
tained an electronic accelerometer inside its chest cavity.

Station 6 - M377 Communications Van

There were two Jlummies seated inside the
M577 communications van which was right-side-on to the blast
at the 965-ft range. One dummy was in the driver's (9) and
one was in the commander's (10) pesition. The latter was
facing the rear of the vehicle. Both dummies contained
electronic accelerometers inside theixr chest cavities.

Station 7 - M110 Self-Propelled Hu itzer

There were three dummies positioned on the
M110 at the 965-ftv range. Oie was scated in the gunner's
(44) seat and one was in the assistant gunner's (45) position.
The third dwmmy (38) was standing at the right-rear portion
of the vehicle facing ground zero. 1t was held erect by
leaning slightly against the folded sest, Figure B-10, Appen-
dix B. Dummy Nos. 44 and 45 contained electronir: accelerom-
eters inside their chest cavities.

-6-
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Stetion 8 - CLGP Laser-Guided Projectile
A dummy (15) was standing 7.5 ft from the
CLGP facing ground zero at the 1050-ft range, Figure B-11,
Apperidix B.
Station 9 - XM204 Towed Howitzer

A dummy (16) was standing 3.5 ft from the
XM204 at the 1112-ft range, Figure B-1Z, Appendix B.

LA . sl

Station 10 - Forward Observer

L
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A prone dummy (17) was head-on to the blast
- in the forwa:d observer's position at the 1370--ft range,
; Figure B-13, Appendix B.

Station 12 - M577 Deployed

There were two dummies positioned beneath
the deployed M577 at the 1370-ft range. One dummy (18)
was standing face-oin to the blast and the other dummy (19)
was scated at a table right-side-on to the blast. As seen
in Figure B-13, Appendix B, a portion of the canopy was left
open.

Station 14 - XM198 Towed Howitzer

One dummy (41) was positioned standing in
front of the XM198 at the 2400-ft range, Figure B-14, Appen-
dix B.

All the vehicles were completely closed dur-
ing the test, except the deployed M577 at Station 12. None
of the dummies inside the vehicles wore seat belts and were
not restrained in any way. The seated ones could be rocked
from side-to-side with a minimum of force. Likewise, the
standing ones could easily be pushed over. This demonstra-
ted the fact that they could be expected to topple over with
minimal vehicle movement.

The dummies which were standing in the open
were held erect by leaning them against an inverted U-shaped
pipe structure (goal post). During the blast, their arms
were down at their sides and not in front of the goal post
as shown in the preshot photographs that were taken a few
days before shot time.
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Electronic Equipment Shelters

Figure C-1, Appendix C, gives the layout of those
shelters that contained dummies. The shelters were all
truck-mounted and left-side-~on to ground zero. Each shelter
contained two dummies, one standing and one sitting. All
the dummies were equipped with Impact-O-Graph® gages but not
with helmets. The shelters were closed during the blast.
The cameras that viewed the dummies were mounted on the rear
wall adjacent to the door. The dimensions of the S280
shelters were 7.2 x 12 x 7 ft.

Shelter R1/C10

The 5250 retrofit shelter at the 1120-1ft
range did not contain electronic equipment. Dummy No. 28
was standing facing ground zero with its right arm extended
against the upstream wall for support. Dummy No. 27 was
seated facing ground zero, Figure C-2, Appendix C.

Shelter 04/C16

The S280 shelter was at the 1370-ft range
and contained electronic equipment on racks across the
front wall. Dummy No. 28 was standing left side toward
ground zero with its right arm extended against the elec-
tronic equipment. Dummy No. 29 was seated and faced ground
Zero.

Shelter 07/C26

This S280 shelter was at the 2000-ft range
with electronic equipment in racks along the front wall.
Dummy No. 31 was standing left side toward ground zero with
its right arm extended against the electronic equipment.
Dummy No. 30 was seated and faced ground zero.

Foreign Tactical Vehicle

Figure D-1, Appendix D, gives a layout drawing show-
ing the one foreign vehicle, a Dutch Armored Infantry Fight-
ing Vehicle, on the test bed. DNummies were placed in the
driver's (34), commander's (33, and passenger's (32) seats.
The commander's hatch was left open for the test with the
commander's head extending above the hatch opening, see Fig-
ures D-2 and D-3 of Appendix V. The two firing ports on the



cr AT QTS5 e e

-

3
4

rignt side of the vehirle were open during the blast. All
three of c¢he dummies were secured in their seats with lap
seat belts. The dummles contained Impact—O—GrapH® gages
only. Dumry Mc. 32, seated toc the right rear side cf the
vehicle, was viewed with a camera mounted near the left wall.
The commandar was viewed by a camera outside the venicle.

Drone Helicopter

he test array for the dummy (39) in the UHi Drone
Helicopter appears in Figure E-1, Appendix E. The helicopter
wvas left-side-on tc the blast at the 2750--ft range. The
dunny was seased on the 1left side ¢f the aircraft in the
pilot’s poslvion and was secured in its seat with the air-
craft's restrainiuag harness. The dummy wore a helicopter
pilot's helmet with the visor down, Figucre E-Z, Appendix E.
To ensurce trat the dumny's 1imbs wouid not interfere with
the controls of the aircraft Jduring its interaction with
the blast wave, the arms were placed under the harness strups
and the feet wer: secur:d with nylon 1lines tv the seat. The
motion-picture camera viewed the dummr from the rea: of tie
cabin. ir addition tu four Impact-C-Graphs®, the chest co-
vity coatained a pressure-time gage.

R%SULTS
U. 5. Army Weapon Systems

Tahie B-? lists the pre- and postshot positions of
dummies, damage t¢ the dummies themselves as well as to
their clothing and the Impact-O-Graphs® ihat were unloaded.
Included in the table are summaries orf the dumm motions
obtained from the motion-picture analysis. The detatled
displacemerc vg. time curves from the film analysis uappear
in Figures B-15 torcugh B-26 in Appendix B. In gereral, the
blas‘'~displacement effects exhibitid by the dummies that
were inside the weapon sys*ems were minimal, and most of ihe
dumries were ioind in their eaact preshot posit.on without
aamage to theuselves nr their clcthing. The lack of blast-
displacement effects on the dummies was substantiated by the
Impact-0-Craphs® not unloading and the very low velorities
attained by the dummies as determined from the film analysis.
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Stavion 1 - MG6O Ma'n Battle Tank

punmy No. 1, in the driver's seat of the
M60 tank, was moved 3 inckes in its seat to the 1lr 7% trom
its original position, and there was a small tear .bove the
right knee o' its trouscrs which was probably caused by the
periscope assemhly that was blown in by the blast and was
found postshot purtially on the dummy's arm, Figure B-47,
Appendix B. Lummy Nc. 2, in the gunner's seat, and No. 11,
in the commander's s@at, were in their exact preshot loca-
tions. None cf the Impact-O-Graphs® were unloaded ir these
three dumries.

That the 10-g Impact-O-Graph® wus not dis-
lodyed in the cammy (11) in the commander's position was
remarkable rnd indicated less than A 10 g accei 'ration and
probatly a0 impacts.

Dummy No. 35 that was prone on the ground
outside the M306 tank was displaced 87 ft downstream. Film
records were not obtained at station 1. Both the 10-g and
40-g Irpact-0O-Graphs® were unloaded.

Statvion 2 - M551 Sheridan

Dummy No. 3 in the gunner's seat shifted a
little back and right in its seat from its preshot location
and wus leaping slightly forward. The film record showed
chat its head moved forward at 5§ ft/sec for 1 inch before
being obscured by the dust. The results of other film anal-
'3is shcwed the dummies reached their peak velocities with-
in the first few inches of travel so that 5 ft/sec was prob-
ably the peak velocity for that dummy.

The dummy in the commander's {(4) seat was
undamaged and was in its exact preshot position. The film
analysis showed that its head moved fo.ward at 2 ft/sec for
1 inch before being obscured by dust. The Impact-0-Graphs®
were not unloaded irn either of the dummies.

OQutside the Sheriden Tank, Dunny No. 36,
that was staunding to the left of the vehicle, was displaced
about 38 ft downstream by the blast, and the film record
showed that it reacined a peak velocity of 37 ft/sec, Figure
B-28, Appendix B. There was no damage to the dummy or its
clothing. The 10-g Impact-O-Graph® was unloaded.

-10-
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_ In contrast, Dummy No. 37 that was standing

i 4 ft to the rear of the vebicle was displaced only 6 ft,

: Figure B-28. Appendix B. Moust of this distance cculd be at-
L tcributed to just falling over. The camera view of Dummy 37

i #1S obscurcd by dust. The 10-g Impect-O-Graph® was unloaded.

: Station 3 - M109 Self-Praopelled Howitzer

Neither Dummy No. 7 that was standing in the

i gunner's position nor Dummy No. § that was standing in back
ot the gunner was damaged by the blast. Postshot, Dummy No.
# was found tilted back against the reax wall and the gunner
(7) was leaning against him and the loading ram, Figure E-29
of Appendix B. According to the film record. the heads of
both dummies movea initially toward ground zero at 3 ft/sec
for just 2 inches and then moved toward the rear of the ve-
hicle without sustaining ary inpacts in the farward direction.

Dummy No. 40 that was standing 7.5 ft to the
rear of the M109 was moved only 5 ft downstream by the blast.
The 10-g Impact-O-Graph® was unloaded. There was nc damage
to the dummy or its clothing. The camera view of this dum-
my was obscured by dust.

Station 4 - Underground Command Post

Only one dummy (14) was disvlaced by the
blast wave entering the Underground Command Post. The dum-
my, initially standing 5 ft inside the door, was found on
its back against th: rear wall, Figure B-30, Appendix B.
This dummy sustained a 2-inch-long laceration beneath its
chin. The motion-picture films showed that this dummy
rcached 2 velocity of 18 ft/sec and impacted the rear wall
after its center of mass had nioved about 6 ft backwards.

The other two dummies inside the Underground
Commana Post were not damaged by the entering blast wave.
No. 13, standing 5 ft inside the door to the left, simply
fell forward. The camera view was obscured by dust in that
area of the shelter so the veason for Dummy No. 13 falling
over could not be determined. Its head was not damaged be-
cause the top center was metal to receive an eye bolt and
was the point of contact with the wall, Figure B-31, Appendix
B.

Figure B-30, Appendix B, shows Dummy No. 12
remained standing.

-11-
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Station 5 - M551 Sheridan

Inside the M551 that was left-side-on to
the blast, Dummy No. 5 in the gunner's seat moved about 6
inches to the right in its seat and slid forward about 3
inches. The film record showed the dummies head moved
initially to the left, toward ground zero, at 2 ft/sec for
s inches and then to the right at 2 {t/sec for 3 inches with
no evidence of impacts. Dummy No. 6, in the loader’s seat,
was found postishot leaning over in its secat against the
commander's step, Figure B-32, Appendix B. Some moveinent
was observed on the motion-picture films, but there were
no good reference points from which to cbtain displacement
data. No impacts were observed. Dummy Nos. 5 and 6 were
not damaged, their clothing was intact, and the Impact-0O-
Graphs® were not dislodged.

Station 6 - MH77 Communicatioas Van

Dummy No. 9 in the driver's seut remained
in its preshot position. It was not damaged, nor were any
of the Impact-O-Graphs® dislodged. The filimn record did not
show movement of this dummy for 25 msec before it was ob-
scured by dust. However, any moverent would have begun
within this time period. Dummy No. 10 in the comniander's
seat was not damaged and was found lcaning over to the right
in its seat. Film analysis showed that its head moved tc
the left toward ground zero at 3 ft/sec for a distance of 5
inches and then moved to Lhe right at 5 ft/sec for 20 inches
as it leaned over in its seat. There were no impacts.

Station 7 - M110 Self-Propelled Howitzer

Therzs was no damage to Dummy No. 44 in the
gunner’s seat oun the upstream side of the M110. This dum-
my remained in its preshot position and the film record
showed that it moved to the right at 8 ft/sec for 11 inches
before being obscured by dust. The assistant gunner, 45,
on the right side of the wecapon, also remained undamaged in
its preshot location. No movement was detected in the films
for 43 msec when the camera's view was obscured by dust.
Again, if movement did occur, it should have started duriag
this relatively long time period. Dummy No. 38 that was
standing on the rear porti n of the M110 was blown from the
vehicle for a distance of about 3 ft. The 10-g Impact-O-
Graph®was dislodged and the dumm: sustained damage to the
soft portion of both hands, alopg with small laceratioans on
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the rignt shoulder und left elbow. According to the film
record analysis, this dummy attained a velocity of 15 ft/sec
snd moved 10 inches before dust obscured the camera's view,

Station 8 - Laser-Guided Projectile

The dummy (15) that was starnding adjacent
to the Laser-Guided Projectile was displaced 11.5 ft by the
blast, Figure R-33, Appendix B. The film record analysis
showed that its center of mass reached a peak velocity of
7 ft/sec. The dummy was not damaged and the 10-g Imnact-
O-GraphkV was unloaded.

Station 9 - XM204 Towed Howitzer

The dumnmy (16) at this station was not dam-
aged efter being displaced 10 ft by the blast, and accordin,
to the film record, it attained a peak velccity of 14 ft/sec,
Figure B-34, Appendix B.

Stationx 10 - Forward Observer

Dummiy No. 17 that was prone, face-on to
ground zero at this station was not moved by the blast and
remained in its exact preshot locatiun, Figure B-35, Appen-
dix B. There was no damage tothe dummy or to its clothing
and the Impact-O-Graph® was intact.

Station 12 - M577 Deployed

The dummy (18) that was standing beneath
the canopy was displaced 6 ft downstiream. In contrast to
the other ones standing in the open, it was found face down.
The seated one was displaced about 4 ft, Figure B-35, Appen-
dix B. The 10-g Impact-O-Graphs® were unloaded in both dum-
mies. Film recnrds were ~%tuined, but, hecause the camera
positions were upstream and downstream of the station, dis-
placement time was not obtained.

The canuopy was first shredded by the blast
and then the frame of tubing narrowly missed the dummies as
it rotated about 180 degrees to the downstream side of the
vehicle.

Station 14 - XM198 Towed Howitzer

Dummy No. 41 that was standing in front of
the howitzer facing ground zero was displaced 5 ft 1 inch
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downstream. The displacement distances were measured from
the goal post to the belt buckle of the dummy. Consequently,
most of this distance resulted from merely falling over back-«»
wards. The dummy's initial velocity was 1-2 ft/sec; and, f
as the film record showed, in simply falling over backwards

in a rigid posture, its center of mass impacted the ground

at 13 ft/sec and its head at 21 ft/sec. The 10-g Impact-0,-
Graph® was dislouged. !

Electronic Acceleration Records

Acceleration records from the electronic gages in-
side the dummies are illustrated in Figures B-36 through
B-53, Appendix B. Two sets of records for each gage are
included: one nonfiltered and one filtered wherein the sig-
nal from the gage was fed through a 200-Hz filter at the time
of the recording. The peak-g values for all of the records
were read by the Nuclear Effects Group at White Sands Missile
Range. The peak-g values are indicated on the illustrated
records. Calibration bands were placed on the left side of
each record and the time to detonation zero (det. zero) was
indicated. The curved line drawn through the initial portion
of the nonfiltered records was used in obtaining preliminary
peak-g values and does not represent the final. These curved
lines do not represent the final peak-g readings and should
be ignored.

There was considerable noise evident in all the rec-
ords whichusually showed the same waveshape on all three
axes of a particular gage. The extensive amount of noise on
the record made it difficult to distinguish the true shape
of the acceleration signal. The duration of the accelera-
tions appears to be on the order oi 30 to 40 msec.

The peak-g measurements are summarized in Table B-3,
Appendix B. The highest g values were measured in the gunner
(44) and assistant gunner (45) on the M110 at Station 7.

Less than 10 g was measured inside four of the dummies: No. 2
in the gunner's seat of the M60, No. 4 in the commander's
seat of the M551 (Station 2), and Nos. 6 and 10 in the
driver's and commander's positions inside the M577 (Station

6).

-14-
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Pressure Time Measured Inside Vehicles

There were three successful pressure-time measure-
ments taken inside the vehicles by the WSMR Nuclear Effects
Group. These waveforms appear in Appendix B, Figure B-54.
Inside the M60 Tank a peak pressure of 19 psi was measured
by the gage located on the rear wall. The time-to-peak
pressure was on the order of 15 msec and the pressure dura
tion was near 220 msec. The outside pressure was 43 psi &.
the 580-ft range.

Inside the M109 the gage on the left wall recorded
2.5-psi peak pressure, a time-to-peak of 15 msec, and a
total pressure duration on the order of 190 msec. The out-
side pressure at the 740-ft range was 21 psi.

Inside tne M577, Station 6, that was at the 965-ft
range, a peak pressure of 2.6 psi with a time-to~peak of
20 msec was recorded inside the vehicle on the upstream
wall. The outside pressure was 9.2 psi.

Electronic Equipment Shelters

All three of the vehicles with electronic equipment
shelters containing dummies were in an upright position
postshot. The four dummies inside the two forward shelters
at the 1120- and 1370-ft ranges had been cdisplaced as a
consequence of the blast. In the shelter at the 2000-ft
range, dummy displacements appeared minimal. Table C-1,
Appendix C, summarizes the effects on dummies in the elec-
tronic equipment shelters and the results of the motion-
picture film analysis. Figures C-3 through C-8 give the dis-
placement vs time curves obtained from the film analysis
for each dummy.

Shelter R1/C10

In the retrofit shelter, the dummy (26) that
was initially standing was lying flat on its back on the
floor of the shelter with its feet toward ground =zero.

There was no damage eitherto the dummy or to its clothing.

The 10-g Impact-0-Graphs® were unloaded. The film analysis
showed that this dummy moved forward and its head impacted

the upstream wall at 14 ft/sec, then it moved backward and

impacted the downstream wall at 12 ft/sec.
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Dummy No. £7 was found seated in its chair
which was leaning back against a shelf on the downstream
wall. This dummy sustained a deep laceration across its
forehead and a smaller lacerat&Pn across the bridge of its
nose. The 10-g Impact-0-Graph® was unloaded. The film
record showed that the dummy's head impacted the shelf in
front of him at 11 ft/sec--which no doutt produced the la-
ceration across its forehead. Then, the subject moved back
into the chair and again moved forward striking the shelf
at 8 ft/sec.

Shelter 04/C16

Inside ths S280 shelter at the 1370-ft range,

Dummy No. 28 initially standing left side toward ground zero
; was found sitting on the floor witu its head leaning against
= a shelf on the downstream wall, Figure C-9, Appendix C.
i This dummy sustained several slight lacerations to the back
of its head and right shoulder. Both 10-g Impact-O-Graphs®
were unloaded. The motion pictures showed this subject
moved to its left toward ground zero at 10 ft/sec for 6 in.
before dust obscured the camera's view. The dummy then must
have rotated 90 degrees to its left and fallen backwards
against the downstream wall. As it slid down the wall, bits
of expanded plastic from the head became embedded in some
wire connectors. The connectors can be seen in Figure C-9,
Appendix C, just above the durmy's head.

Dummy No. 29, initially seated facing the
blast, was found lying back-down on th~o floor in the col-
lapsed chair with its feet tcward ground zero. The film
showed that the dummy was struck by a large metal antenna
traveling at 38 ft/sec resulting in a V-shaped laceration
on the left side of its face, Figure C-10, Appendix C.
Postshot the antenna was found partially dislodged from its
mountings on the upstream wall of the shelter as seen in
the upper left of Figure C-9, Appendix C. The 10-g Impact-
0-Graph® was unloaded. According to the motion-picture
the dummy's head moved forward at 5 ft/sec and moved 2
inches before dust obscured the camera's view.

Shelter 07/C26

Inside the S280 shelter at the 2000-ft range.
there was no damage to either of the dummies or to their
clothing and no Impact—O—Graphs® were unloaded. Dummy No.
30 remaized in its seat. The legs of the chair were within
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0.75 inch of their original positinon. The film record
showed that the head of this dummy moved forward 5 inches
(toward ground zero) at 4 ft/sec, then 20 inches backward
at 4 ft/sec, and then returned to within 0.5 inch of its
original position. There were no impacts.

Dummy No. 31 was still standing postshot
and was leaning forward against the instrumen* panel. Its
feet were located 4 inches from their original position as
indicated by an outline of its boots traced on the floor
preshnt.

Results of the film analyses were that its
head moved tc the left (toward ground zero) at 6 ft/sec
for 9 inches, then to the right at 7 ft/sec for 19 inches,
and then settled at 10 inches to the right of its original
position. There were no impacts.

Figure C-11, Appendix C, gives a postshot
view of Dummy Nos. 30 and 31. This photograph could serve
as a preshot view of these dummies as well as those in the
N4/C16 shelter.

Foreign Vehicles
Table D-1, Appendix D, lists the preshct and post-

shot nositions of the dummies, the condition of the dummies,
and the results of the Impact-O-Graph® gages. Included in

the table are the dummy motions taken from the motion-pictures.

Figures D-4 and D-5 give the displacement-time curves of
Dummy Nos. 32 and 33 ob*tained from the film analysis. In-
cluded in the figures were the peak veiocities and distances
traveled.

The commander dummy (43) was shifted 2 inches over
the left edge in its seat and the upper part of its tody
was tilted slightly toward ground zero. Its shirt was tcran
at the right pocket and along the front buttons. Both 10-g
Impact-0-Graphs® were unloaded. Remnants of some cjecta
were present on the hatch adjacent to the commander. The
ejecta narrowly missed the command < head at impact.

The film record taken by the camera sutside the
vehicle revealed that the commander dummy's head first
moved toward ground zero at 13 ft/sec and stopped after
3 inches of travel. The movement stopped presumably from
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some other portion of the bedy impacting the upstream part
of the vehicle.

LAl ok B

The dummy (32) seated inside the troop compartment
was found in its preshot position undamaged. No Impact-O-
Graphs were unloaded. The film record taken by the camera
ins“de the troop compartment recorded the dummy's head moved
to the right at 5 ft/sec and impacted after 2 inches of
truvel, then the head moved to the left at 3 ft/sec for 8
inches (rno impact), and then to the right at 6 ft/sec with
impact 2 inches to the right of the original position.

b ol el

As seen in Table D-1, Appendix D, the dummy (34)
on the driver's seat was not damaged and was found in its
original preshot position. One set of balls in the 10-g
Impact-C-Graph® was unloaded. The subject was not viewed
with a motion-picture camera.

Postshot photographs were not available to this
project.

A T T L T . 7 R (TR A T b T T TR AR T AT TR S -

Drone Helicopter

M ARl

The helicopter remained flying duriag and after the
blast. Dummy Nn. 39 inside the helicopter remained seated
i with the harness restraint system intact. As seen in Table
. E-1, Appendix E, the only findings were five scratches on
the top of its helmet that were obviously caused by plexi-
glas fragments from a small window that shattered in the
ceiling of the aircraft. None of the Impact-O-Graphs® were
unloaded.

The camera film record showed little movement of
the dummy. Its head moved to the left for 2 inches at a
velocity of 4 ft/sec and returned to within 0.5 inch of
its original position going 2 ft/sec, Table E-1 and Figure
E-3, Appendix E.

R e ———
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DISCUSSION
U. S. Army Weapon Systeias
Closed Armored Vehicles
3 Blast displacements. Based on the results

of this test, it seems reasonable to predict that the crew
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personnel inside the five closed armored vehicles would not
have been injured as a consequence of blast displacements at
corresponding ranges from a 1-KT nuclear surface burst.

This applies to the M60 tank, the two Sheridan tanks, the
M109 Self-Propelled Howitzer, and the M577 Communications
Van that was at the 960-ft range.

The results obtained from the different
test methods wvere consistent with one another in indicating
that only minor displacements were encountered. The dummies
were not damaged, the Impact~-O-Graphs® were not unloaded,
and the film records showed initial movements of 5 ft/sec
or less with just a few inches of travel without impacts.
If the peak-g levels measured by the electronic accelerometers
were true, no injuries should result from accelerations of
less than 20 g because they were of very short duration--less
than 0.05 sec (References 3 and 4).

Only four ¢f the dummies inside the closed
armored vehicles had moved noticeably from their preshot
positions. The durmmy in the loader's seat in the M551 at
Station 5 and the <¢ur in the commander's seat in the M557
at Station 6 apparently just leaned over ir their seats.
Likewise, the two standing dummies in the M109 apparently
lost their footings after an initial forward movement of
Just 3 ft/sec after which they merely fell over backwards.
As already mentioned, these dummies were not restrained in
anyway so that the slightest motion of the vehicle would
be all that was necessary to topple them over. Personnel
under similar circumstances probably would not fall over.

Direct blast. The direct-overpressure
effect mechanism would not be expected to injure personnel
inside these vehicles. Peak pressures on the order of
2.5 psi that were recorded inside the M109 and inside the
M577 were well below those required for a l-percent proba-
bility of =zardrum rupture (3.4 psi). Even the 19 psi re-
corded inside the M60 tank, if true, would not be expected
to injure personnel because of the shape of the pressure-
time curve. It has been demonstrated in animal experiments,
Reference 5, that wave shapes of that character, having rise
times of 15 msec without strong shocks at the leading edge,
were far less damaging than those recorded in the open
wherein the peak pressures were at the leading edge of the
waves, i.e., in the incideunt shocks. For slow-rising blast
waves, peak pressures have to be well over 50 psi to cause
lung hemorrhages in dogs and monkeys. The one exception
is eardrum rupture wiiich is apparently a function of the

-19-
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peak pressure. However, since the crew members in the M60
would be wearing head sets this should provide protection
against eardrum rupture.

Open Armored Vehicles

In regard to the results obtained with dum-
mies on the M110, it could be expected that personnel stand-
ing on the vehicle would be swept from the vehicle by blast
waves on the order of 10 psi. That the dummies seated in
the gunner's and assistant gunner's positions remained in
place duringthe blast suggests that the vehicle itself alters
the form of the shockwave and flow at those positions thereby
reducing the likelihood of personnel being displaced. Crew
members thrown from the M110 vehicle by the blast at a veloc-
ity of 15 ft/sec would also develop a downward velocity of
approximately 22 ft/sec merely from the freefall of about 7
ft (height of vehicle about 4 ft). The probability of injury
would be influenced by the nature of the terrain. As seen
in Figure A-2, Appendix A, there would be greater than a
S50-percent probability of injury if the impact surface was
nonyielding.

The dummies that were standing and sitting
beneath the deployed canopy of the M577 at approximately 5
psi were displaced 4 and 6 ft by the blast. The calculated
peak velocities were 6 ft/sec and 12 ft/sec which could not
be expected to produce injury to personnel unless they col-
lide with rigid objects.

Personnel in the Open

Blast displacement. The peak velocities and
total distance of travel measured for the dummies that were
standing face-on in the open were in close agreement with
those predicted from the model reported in Reference 1. The
model was used to calculate the curves in Figure A-3, Appen-
dix A, relating displacement velocity for personnel in the
open at different orientations to ground range for a 1-KT
nuclear surface burst. The peak overpressures in the ranges
between 820 and 1370 ft for the 1-KT nuclear surface burst
and the 600-ton charge measured along Line 3 wer. within 1
psi of each other. Dummy No. 36, subjected to 12.7 psi,
attained a peak velocity of 34 ft/sec as measured by the
camera compared to 35 ft/sec calculated using the model.
According to Figure A-2, Appendix A, there would be a 3-
percent probability of significant injuries for tumbling
displiucements in the open terrain at that velocity.

-20-



Dummy No. 15, standing adjacent to the
Laser-Guided Projectile subjected to 8.1 psi at the 1050-
ft range, had a measured velocity of 17 ft/sec compared
to 20 ft/sec based on the model. For tumbling displace-
ments in the open, there would be less than a l-percent
probability of injury. Dummy No. 16 that was at the 1112-
ft range next to the XM204 subjected to 6.7 psi was dis-
placed about 10 ft and its measured peak velocity was 14
ft/sec compared to 16 ft/sec calculated from the model.
There would be less than a l-percent probability of injury
at this velocity.

Although there would be very little prob-
ability of injuries resulting from tumbling across level
terrain at velocities of 16-20 ft/sec, if impact against
rigid objects were to occur, there would be a high prob-
ability of significant ianjuries, Figure A-2, Appendix A.

Dummy No. 41 that was at the 2400-ft range,
subjected to about 2.4 psi (predicted), attained a velocity
of just 1-2 ft/sec and merely fell backwards. Personnel at
that range probably would not have been knocked down by the
blast.

TERTIPTY SV S A e N WTTIN IR AT W WY T R

Direct blast. As far as direct-blast ef-
( fects were concerned, Figure A-4, Appendix A, shows the
probability of the different direct-blast injuries in rela-
tion to overpressure and range for a 1-KT nuclear surface
burst. For standing or prone broadside-oriented personnel
inside the 1000-ft rnage, 10-psi level and above, lung dam-
age can be expected. The severity would range from pinhead
size petechial hemorrhages at 10 psi to over a 50-percent
incidence of serious lung hemorrhage at 27 psi (600-ft range).
Eardrum rupture would vary from a 50-percent incidence at
"3 psi (800-ft range) down to a l-percent probability at 3.4
vsi (2100-ft range). Corresponding overpressure levels and
anges for personnel prone, head-on to the blast, and against
« reflecting surface were included in Figure A-4, Appendix A.
The overpressures were calculated using equations in Reference
6 and the biological criteria were taken from Reference 7.

Personnel Behind Vehicles

The results obtained with dummies located
in the open behind the M109 at 21 psi and the M551 at 12.7
psi suggest thaet perscnnel would probably be afforded con-
siderable protection against blas. displacements when

21~
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located on the lee side of the vehicles. This location could
also be expected to afford considerable protection against
other nuclear weapon effects, including the direct-overpres-
sure effects. Because the idzal shockwave becomes altered in
defracting around the vehicle, the overpressure probably rose
in several steps to peak. Blast wave forms of this nature
have been shown to be less damaging to biological systems
than ones having an ideal wave form, Reference 8.

Underground Command Post

The results obtained with dummies inside the
Underground Command Post were used as input to a model de-~
signed to calculate blast displacement velocities of person-
nel inside open field fortifications. The model was based on
laboratory shock tube studies dealing with scaled models of
structures, inciuding the Underground Command Post, contain-
ing 1/8-scale dummy men. Predictions based on the model and
the results of the field test agreed in that blast displace-
ment occurred only in the area of the personnel chamber that
was in line with the entryway. There was little, if any,
displacement in other areas of the shelter. Dummy No. 14,
standing 5 ft inside the entryway, attained a velocity of
18 ft/sec on the present test and sustained some damage.
Corresponding velocities calculated Zrom the displacement
prediction model for personnel 5 ft inside the =ntryway for
other surface incident shock levels of equivalent yield were
as follows: 13 ft/sec at 15 psi, 9 ft/sec at 10 psi, and S
ft/sec at 5 psi. According to the model study and the re-
sults of a previous field test (Reference 9), personnel
prone, head-on and in line with the entryway would not be
displaced by blast levels of these magnitudes.

Additional information on blast displacement
inside the Underground Command Post may be found in a report
presented at this symposium by R. O. Clark et al entitled
"Blast Displacement Effects in Field Fortifications on Dice

Throw Event," Reference 10.

Electronic Equipment Shelters
Shelter R1/C10
Significant displacement of the two dummies

occurred inside the retrofit shelter at the 1120-ft range
where the measured overpressure was 6.6 psi. The seated
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duminy moved toward and struck the upstream wall at 11 ft/sec
and the standing dummy impacted the wall at 14 ft/sec. Ac-
cording to Figure A-2, Appendix A, there would be a 20- and
40-percent probability of injury from whole-body impact at
these impact velocities. The curves in Figure A-2, Appendix
A, strictly apply to a flat, hard surface. The probability
of injury would be influenced by the nature of the surface
or object struck.

The 10-g Impact-0O~Graphs® were unloaded in-
dicating an impact velocity greater than 5 ft/sec and less
than 8 ft/sec. Specifically, these calibrations apply to
dummies impacting flat against a smooth, rigid surface. In-
side the electronic equipment shelters this probably did not
occur. If just the head strikes the wall, velocities higher
than 5 to 8 ft/sec would be required to unload the 10-g rated
Impact-O-Graphs® mounted inside the chest cavities.

Shelter 04/C16

The dummies were displaced inside the S280
shelter at the 1370-ft range, where the measured peak over-
pressure was 4.7 psi. The standing dummy's initial velocity
was 10 ft/sec and the geated dummy's was 5 ft/sec. The prob-
ability of injury at these velccities would be 13 and 0.2
percent. The severe laceration on the face of Dummy No. 29
demonstrated that objects inside the shelter dislodged by
the blast can become dangerous missiles.

Shelter 07/C26

Only minor displacement effects were noted
inside the shelter at the 2000-ft range where the overpres-
sure was measured at 2.8 psi. The dummy velocities were 4
and 6 ft/sec with only 5- and 9-inch distances of travel,
respectively. There were no impacts. There wculd be a very
low probability of injury--0.02 and 0.6 percent--even if im-
pact occurred at these velocities.

Foreign Vehicle

Inside the armored infantry figuting vehicle at
the 820-ft range with measured overpressures of 12.7 psi
there was no damge to the dummies. The initial velocities
toward ground zero of the commander anrnd passenger were 13
and 5 ft/sec, respectively. As seen in Figure A-2, Appendix
A, there would be an assoclated probabi:ity of injury of 33
and 0.15 percent. As already mentioned, the curve in Figure
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A-2, Appendix A, applies to whole-body impact parallel with
a flat surface; this curve would not apply to hcad impacts
when helmets were worn,

Drone Helicopter

There would be little or no probability of injuries
to the pilot from blast-induced motions of the drone heli-

copter at the 2750-ft range with measured pressures of 2.5
psi.

The only effect on the dummy was & few scratches on
its heimet from the smal) plexiglnas window in the roof of
the aircraft that was shattered by the blast. The fragments
from the windows present a sepurate problem and depend on the
iype of plexiglas, its thickness, etc.

CONCLUSIONS

The following conclusions apply to blast waves from
explosive yields equal to orv un the order of 1-KT nuclear.
Admittedly, the conclusions arc based on a very limited
amount of data.

1. Crew members of an M60 Main Battle Tank should
not be injured by blast waves of 40 psi when
the tank is closed and oriented head-on to the
blast.

2. The crew inside a closed M103 Howitzer, oriented
head-or to the blast, should not be injured from
dispalcement at incident overpressure levels of
21 psi.

3. Crew personnel would be unharmed from the blast
displacement within closed M551 Sheridan Tanks
oriented haad-on or side-on to incident overpres-
sures of 13 psi.

4. Personnel inside an M577 Communications Van that
is closed should not be injured at incident over-
pressures as high as 9 psi.

5. At a 9-psi overpressure level, personnel standing
on an M110 Howitzer would be blowr from the
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vehicle at velocities of 15 ft/sec or more,

The probability of injury would be near 50
percent if the terrain is hard. Crew members
who are standing on the ground near the weapon
would be displaced at peak velocities of 25
ft/sec. The probability of injury would range
from less than 1 percent, if tumbling decelera-
tions occur over flat terrain, to 90 percent if
whole-body impact occurs against nonyielding
surfaces,

The crew of the XM204 Howitzer subjected to 6.7
psi would be thrown ahout 10 ft by the blast and
would attain a vel.city of 14 ft/sec. For tumb-
ling in the open on a smooth surface, there would
be an associated 0.0l-percent probability of
injury. If Impact occurs at peak velocity with
rigid obstacles, the probability of injury would
be near 40 percent.

Forward obhservers, if prone anJd orieated head-on
to the detonation, would not be translated by
overpressures of 5 psi.

Personnel seated or standing beneath the deployed
portion of the M577 Communications Van side-on to
a blast of 5 psi would be displaced 4 "o 6 ft and
would attain velocities of 6 to 12 ft/sec. There
would be less than a l~percent probability of in-
Jury unless impact occurs against rigid objects.
Movement of the canopy's frame could present a
hazard to personnel.

Crew members of the XM198 Howitzer should not be
injured by blast overpressures of 2.4 psi.

There would be a 20- to 40-percent probability
of blast displacement injuries among crew members
inside closed retrofit electronic equipment shel-
ters side~on to blast overpressures of 6.6 psi.

There would be a low provability of injury (<0-13
percent) to the crew members within electronic
equipment shrlters of the 8280 type subjected to
5-psi overpressure.
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14.

There would be less than a l-percent probability
of any significant injuries toc the occupants of
the S280 equipment shelters subjected to 3-psi
overpressure.

Inside an Armored Infantry Fighting Vehicle,
oriented 315 degrees to a blast wave of 13 psi,
the commander and crew members seated on the
upstream side would be subjected to iimpacts
with the wall at velocities of 6-13 ft/sec.

For nonhead impacts, there would be a 1-30
percent probability of injury.

The pilot would not be injured as a consequence
of blast displacements in a UH-1 Helicopter
subjected to 2.5 psi while in flight.

RECOMMENDAT IONS

10

o

In general, the cooperation ‘and coordination
among groups participating ¢n the projects was
very good, It is recommended that the coordi-
nation among groups involved in the immediate
postshot evaluation of the different facets of
the equipment be improved. This includes post-
shot still photography, assessment of vehicle
damage, operatiop of the vehicle itself, as-
sessment of the exact postshot position of the
dummies, and, especially, the control of visi-

tors.

It is recommended that the vehicles be left on
the test bed for a longer length of time, at
least through D+1.

More attention should be given to the placement
of the Golden Bear dust-retardant on the layout
before the shot. In addition to covering the
surface in the upstream direction from the tar-
gev, it should be applied on the downstream
side as well to eliminate dust entering the
cameras field of view on the negative phase.
The film records would be greatly improved if
the dust-retardant was placed on the ground
underneath the vehicles themselves. 1In addi-
tion, the vehicles should be wet down with water
inside and outside late on D-1.
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APPENDIX A

BLAST CRITERIA
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c. prone, side-on; and d. standing,
front- or back-on to the blast.
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TABLE A-1

UNLOADING IMPACT VELOCITY FOR VARIOUS
G-RATED IMPACT-0-GRAPHS
IN RELATION TO INCIDENCE OF INJURIES

Impact-O-Grapho, Impact Velocity, Incidence of
g€ ft/sec? Injuries, %P

Lovelace Dummies:

800 28 g5
(2.5%
mortality)
200 17 50
40 8 5
10 5 (o}

Alderson Dummies:

800 18 70
400 14 40
140 10 11

40 6 <1

2 Based on the results of dropping dummies onto a concrete
slab with Impact-0-Graphs® in the thorax.

b Injury based on sheep impact study.
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TABLE A-2
BLAST DISPLACEMENT CRITERIA

' % Impact Velocity, ft/sec, Maximum Velocity, ft/sec, 1
: Probahility of for Normal Incidence for Decelerative
; Serious Injury, Against a Nonyielding, Tumbling Over
! Percent Flat Surface Open Terrain
‘.
; 1 6.5 (4.5-8.2) 28.8 (12.7-37.8)
. : 2.5 7.5 (5.4-9.2) 32.9 (16.7-41.4)
5 8.4 (6.3-10.1) 36.8 (21.1-44.8)
: 50 15.4 (13.5--17.3) 66.4 (58.2-82.9)
95 28.4 (24,8-34.7) 120 (91.8-268)
y = -2.384+6.211 log x y = -6.705+6.423 log x
y is the probability of injury in probit units.
x s the velocity.
95% confidence limits for the velocities are given
‘4 zarent™ es.
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APPENDIX B

U. S. ARMY WEAPON SYSTEMS
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Figure B-11. Station 8 - Dummy No. 15 Adjacent to Laser-
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my's arms were moved to the backside of the
goal post.
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Figure B-25. Displacement vs Time, Dummy No. 15 Standing
in the Open Adjacent to the Laser-Guided
Prcjectile, Station 8, 1050 ft.
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Figure B--27.

Postshot View, Station 1, Dummy No. 1
in Driver's Compartment, M60 Tank.
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Station 3, 1109 Sel f-Propelled
7 and 8 View Toward the

TFigure B-29. Postshot View,
Fowitzer, Dumny Nos.
Rear of the Vehicle.
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Dummy No. 2 in gunner's seat.
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Figure B-37. Station 1, M60 Main Battle Tank. Filtered acceleration
record for Dummy No. 2 in gunner's seat.



N A Y

-gL-

T

Vv

e ———— T T

Jrrm—_= . e ST TS WP " BIRAW

O-K}

VAEIAN —  CHARY NQ. A- 32100~

i el o il

I

Figure B-38.

Station 2, M551 Sheridan.

No.

4 in commander's seat.

Acceleration record




il i SRR PSS e 4w T T R TR e T

T

MO T A R

tatadeg Vs o it L

e

e i, S & § P Y'Y, T——

Figure B-39. 3Station 2, MS51 Sheridan. Filtered acceicration record
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Figure B-41.

Station 3, M109 Self-Propelled Howitzer. Filtered acceleration
record for Dummy No. 7 standing in gunner's position.
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Station 6, M577 Communication's Van.
for Dummy No. 9 in driver's seat.
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Station 6, 4577 Chrmmunications Van. Fiitered acceleration
record for Dummy No. 9 in driver's seat.
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